Cholera toxin and Escherichia coli heat labile toxin (LT) induced intestinal secretion has in the past been attributed exclusively to an increase in intracellular cAMP whereas E coli heat stable toxin (ST) induced secretion is mediated through cGMP. Evidence is accumulating on the importance of 5-hydroxytryptamine (5-HT) in cholera toxin induced secretion, but its role in LT and ST is not well established. This study therefore investigated in vivo the effect of 5-HT3 receptor antagonist, granisetron, on intestinal fluid and electrolyte secretion induced by cholera toxin, LT, and ST. Granisetron (30, 75, 150, or (-22 (-39 to -3)), respectively). Sodium and chloride movement paralleled that of fluid. In conclusion, these data show that 5-HT and 5-HT3 receptors play an important part in cholera toxin induced secretion but are not involved in E coli heat stable or heat labile toxin induced secretion (Gut 1995; 37: 340-345) 
Intestinal secretion induced by cholera toxin and the structurally related enterotoxin, Escherichia coli heat labile toxin (LT) has been in the past, attributed solely to the activation of adenylate cyclase with the corresponding increase in intracellular cAMP. Evidence has been accumulating, however, on the importance of 5-hydroxytryptamine (5-HT) present in enterochromaffin cells and of the enteric nervous system in the pathophysiology of cholera toxin induced secretion. 1-3 Nilsson et al have shown that enterochromaffin cells in the cat small intestine discharge their contents of 5-HT after exposure to cholera toxin. 1 Plasma and gut lumen 5-HT is increased in human volunteers exposed to a subclinical dose of cholera toxin. 4 5 In addition, inhibition of cholera toxin induced secretion by neuronal blockade using tetrodotoxin and lidocaine has unveiled the importance of the enteric nervous system in the secretory process.6 On the basis of these findings, it has been proposed that cholera toxin promotes cAMP mediated release of 5-HT from enterochromaffin cells, which then stimulates dendrites immediately adjacent to the intestinal epithelium.7 8 Beubler et al have found that pre-treatment with 5-HT3 antagonists partially prevents cholera toxin induced fluid secretion in rat jejunum.3 LT is structurally, immunologically, and functionally related to cholera toxin.9 10 LT, like cholera toxin, possesses five P subunits and a single oa subunit and binds to the same receptor on enterocytes (GM1 ganglioside) leading to activation of adenylate cyclase and increase in intracellular cAMP.9 11 Whether 5-HT participates in the secretory process induced by LT has not been previously studied.
The E coli heat stable toxin (ST) binds to a specific receptor on the apical membrane of the enterocyte and exhibits a very rapid onset of action by inhibiting electroneutral Na+Cl-absorption and inducing Cl- dependent manner by granisetron (Fig 1 B) . Sodium secretion was unaffected by the low han 50/o variation dose of granisetron, however, it was reversed to 1 consecutive 10 absorption by a dose of 75 ,ug/kg or higher (Fig  the values were 1C) . Granisetron had no effect on fluid moveradioactive PEG ment in normal non-secreiting intestine (49 (29 23 to 56), n=9; NS). LT at a dose of 75 ,ug caused marked fluid secretion (-106 (-121 to -71)) and at 50 ,ug the secretion was similar to that seen with 75 ,ug cholera toxin (-52 (-59 to -44)). At both doses of LT, and in contrast with cholera toxin, granisetron (300 jig/kg) had no effect on fluid and electrolyte secretion (Fig   2) .
ST experiments
Perfusing the small intestine with a solution containing ST caused appreciable fluid, chloride, and sodium secretion (-39 (-49 to 17) jtl/min/g, -10.7 (-13 to -3) pumol/min/g, and -6 (-9 to -3), respectively; n=5) (Fig 3) .
Granisetron in a dose of 300 ,xg/kg had no effect on fluid and electrolyte secretion (Fig 3) .
Discussion
We have shown that the 5-HT3 receptor antagonist granisetron can dose dependently prevent cholera toxin induced fluid and electrolyte secretion. Our experiments further support the importance of 5-HT in cholera toxin induced fluid secretion. It is known that cholera toxin simulates adenylate cyclase and increases intracellular cAMP not only in enterocytes but also in many other cell types. In enterochromaffin cells, this increase in cAMP leads to their degranulation and subsequent 5 The pathophysiology of diarrhoea caused by other enterotoxins has not been as extensively investigated as that caused by cholera toxin. LT, which is structurally similar to cholera toxin, binds to the same receptor on enterocytes (GM1 ganglioside) and has been shown to stimulate adenylate cyclase with the corresponding increase in cAMP production.9 11 The two toxins are not completely identical in their amino acid composition,9-11 30 however, and their binding affinity is different. 10 30 Griffith et a130 have shown that intestinal brush borders from Wistar rats bind 20-30 times more LT than cholera toxin and that LT binds to a variety of brush border galactoproteins only weakly recognised by cholera toxin. In our experiments, the differential effect of 5-HT3 receptor antagonism on cholera toxin and LT suggest that there are other fundamental differences in the pathophysiology of diarrhoea caused by these enterotoxins. Although a dose of LT that causes the same amount of secretion as cholera toxin was used, 5-HT3 antagonism had no effect on fluid and electrolyte secretion. Whereas 5-HT plays an important part in cholera toxin induced secretion, it seems it had no role in LT induced secretion. 17 18 using intestinal segments mounted in Ussing chambers failed to find any difference in the change in short circuit current between 5-HT desensitised rat terminal ileal tissues and controls, after exposure to ST; in addition cGMP induced a change in short circuit current in 5-HT desensitised muscle stripped sheets. It was concluded that both ST E coli and cGMP can both activate intestinal electrogenic secretion in vitro without the mediation of 5-HT.
In conclusion, our findings support the view that 5-HT participates in cholera toxin induced secretion, presumably as a result of adenylate cyclase activation and 5-HT release from enterochromaffin cells, but not in LT or ST secretion.
